In the literature, all the micromechanical fracture models used for predicting structural steel tensile responses and fracture are based on the ductile fracture mechanism that uses the Lode angle parameter to simulate shear fracture under low-stress triaxiality. Using the phenomenological shear fracture model that uses the shear stress ratio rather than the Lode angle parameter, this technical note presents the finite element predictions of the responses of S690 steel solid and perforated coupons under tension and of the fractures of TRIP (transformation-induced plasticity) 690 steel specimens under pure shear and combined shear and tension. The calibrated phenomenological shear fracture model parameters are obtained through a phenomenological curve-fitting process that does not involve costly laboratory tests. This technical note demonstrates that the phenomenological shear fracture model can accurately predict the responses and fracture of structural steels under tension, pure shear, and combined shear and tension. 
Introduction 21
Ductile materials exhibit two types of fracture: "ductile shear fracture" and "ductile tensile 22 fracture" (Björklund and Nilsson 2014) . Either mode or a combination of both may take place in 23 structural steel (Hooputra et al. 2004 , Björklund et al. 2013 . Fracture initiation in the shear 24 mode occurs under intense shear stresses resulting either from extensive slip on the activated slip 25 planes and/or microcracking without any void nucleation, or from void nucleation in the slip 26 bands (French and Weinrich 1979) . In any case, the shear mode is less pressure-dependent than 27 the tensile mode (Björklund et al. 2013) . 28
In the tensile mode, fracture initiation is always associated with void nucleation under 29 predominantly tensile stresses at high stress triaxiality (Björklund et al. 2013 In any case, all the aforementioned models require a number of parameters (up to nine) that are 50 to be calibrated from elaborate laboratory tests, with some requiring fractographic analysis. 51
Costly laboratory tests are therefore required to obtain the calibrated parameters (Bernauer and 52 Brocks 2002), which are not feasible for most design firms (Kiran and Khandelwal 2013) . 53
An economical method for obtaining the required fracture parameters is the phenomenological 54 curve fitting process. The phenomenological curve fitting process involves keeping some 55 parameters constant while varying others during numerical simulations until the simulation 56 results match the experimental results up to the displacement at fracture (Bernauer and Brocks 57 2002) . The parameters at which the simulated displacement at fracture matches the experimental 58 displacement are the set of critical/calibrated fracture parameters (Bernauer and Brocks 2002) . 59
This phenomenological procedure can be used without the need for any extensive laboratory 60 tests other than the standard tension coupon test. 61
Since fracture of structural steel could be by either the shear or the tensile mode, or a 62 combination of both, it is important to employ models that are capable of capturing the two 63 modes (Björklund et al 2013) . To the best of the authors' knowledge, the prediction of tensile 64 responses of civil engineering structural steel using the phenomenological shear fracture model 65 that simulates ductile tensile fracture under high stress triaxiality and employs the shear stress 66 ratio rather than the Lode angle parameter to simulate ductile shear fracture under low/negative 67 triaxiality has not been published. All the published fracture models on structural steel that 68 predict both ductile tensile fracture and ductile shear fracture employ the Lode angle parameter 69 for ductile shear fracture prediction. 70
The phenomenological shear damage and fracture model (Hooputra et al. 2004) 
94
Shear damage initiation is associated with the progressive degradation of the elasticity or 95 material stiffness which commences at the moment of the strain softening of the material at the 96 point of the ultimate strength/stress (Henning 2012) . Shear damage initiation is followed by 97 damage evolution that is specified in terms of the equivalent plastic displacement, Both the experimental tests (Moze et al. 2007 ) and the present simulations found that the 150 perforated coupon with a 5-mm hole, H03, exhibited the largest displacements at fracture, being 151 9.0 mm and 10.7 mm, respectively. Incidentally, the difference between the experimental and the 152 simulation results is the greatest for this coupon. In any case, the consistently accurate 153 predictions of the tensile responses of the solid and perforated coupons, as evident in Table 3 
